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Synopsis 
Expression of the genetic information contained in DNA is central to sustenance 
of l~fe  The first step in thls process of gene expression is transcnption, synthesis 
of RNA using DNA as the template This is carned out by the enzyme RNA 
polymerase It is a multi-subunit protein machinery, and exists w ~ t h  varying 
degrees of complexity in all cells Bactenal RNAP can be considered as the most 
well studied member of this family of polymerases The bactenal core enzyme is 
constituted of two copies of a and one copy each of P, P' and o subunits (1) 
Association of another protein called the o factor IS a prerequisite to in~tiate 
transcnption fjrom specific promoter sequences ( 2 )  
o subunit is the smallest of the bactenal RNAP subunits, and is also the 
least well studied one Although o was identified to be a subunit of the enzyme at 
the same t ~ m e  as identification of the other subunlts (I), the role of the protein in 
the enzyme has remained ambiguous for a number of reasons Initial expenments 
showed a-less RNA polymerase to be active and completely fbnctional zn vltro at 
all the promoters tested, and rpoZ deleted strams were viable suggesting zn vzvo 
functlonal~ty of the a-less enzyme (3,4)  
A serles of b~ochemical experiments in the last one decade have aided in 
explaining the role of the proteln in RNAP It was identified that a-less RNAP 
was transcriptionally less active and o was required for the restoration of 
denatured core RNAP to its functionally active form (5) Subsequently, it was 
demonstrated that o binds to the P' subunit and promotes RNAP assembly by 
facilitat~ng the associat~on of P' with the previous step of the assembly namely, 
a$ (6) The N-terminal domain of w IS sufficient for binding to P' in E colz, 
whereas the fill length P' is essential for the protein to be recognised by o (6) 
These results together over a penod led to the conclusion that o has a chaperone 
like finct~on in maintaining the structure of P' subunit and aiding its recruitment 
to the rest of the core RNAP assembly Meanwhile, explicit identification of the 
structural role of the subunit in RNAP has come recently from analysis of the 
crystal structure of the enzyme from T aquatzcus (7, 8) 
This study was taken up to decipher the role of o subunlt in M smegmatzs, an 
accepted model system for studying basic mycobactenal biology Extensive 
biochemical investigations, malnly done in E colz, have indeed advanced our 
understanding of bactenal RNAP cons~derably But there is only limited 
information available specifically about RNAP in mycobactena, desp~te the 
central role of the enzyme in bactenal phys~ology, and it belng a cntical drug 
target m mycobactenal infections Studying the o subunit of M smegmatzs 
provided an attractive opportunity - to understand the functions of the least well 
stuhed subunit of RNAP further as well as to thereby extend the llrnited 
knowledge available about mycobactenal RNAPs In addition, the recent 
identification of a surprising connection between o and pleiotropy in 
Streptomyces kasugaenszs (9) and confirmation of the role of o in stnngent 
response (10) raise the possibility of functional roles for o which are not clearly 
understood This further enhances the attracaveness of this choice 
Chapter 1 observes the manner m whlch information about o has been 
gradually unravelled during the course of research on bactenal RNAP The major 
hindrances faced In molecular genetic research of mycobactena and the progress 
achieved are bnefly descnbed The need for a detailed investigation of RNAP In 
mycobactena is also stressed 
Chapter 2 deals with the construction of a deletion mutation of the gene rpoZ 
encoding o subunit in M smegmatzs It details the strategy for construct~on of the 
knockout strain and shows that the gene exchange event is confirmed 
genotypically 
The effect of deletion of rpoZ on the RNAP of A4 smegmatzs is examined in 
chapter 3 In addition to the reduced growth rate and changed colony morphology, 
it is notlced that RNAP from the mutant strain gets inactivated zn vztro dunng the 
course of punficatlon Further, it is seen that the P' subunit of the mutant 
polymerase is highly susceptible to proteolytic cleavage Interestingly, the cleaved 
fragments remain associated with the enzyme and maintain it active, albeit at a 
reduced level, until the whole destabilised assembly breaks down in the final step 
of purification 
In chapter 4 responsibtl~ty of o subunit for the phenotypes observed are 
confirmed by generating a strain in which the knockout is complemented with a 
copy of wild type rpoZ Integrated in the genome Strategy of complementation is 
descr~bed and F2NAP is exarnlned from the complemented strain 
Complementation improves the growth rate of the bactena and activity of the 
enzyme as well as prevents fragmentation of P' 
Chapter 5 explains a surpnslng set of phenotypes whlch were observed for the 
rpoZ deleted straln of M smegmatzs Thls direction arose from the previous 
observation that rpoZ deleted strain of M smegmatis exhibited an altered colony 
morphology The well established connection between colony morphology of 
bactena and vanous cell surface properties forms the basis of this part of work It 
can be seen that mutant shows a defect in sllding motility and has compromised 
blofilm formmg ability Chemical examination of the cell wall could not identify 
an explanation for these observations, however, charactensation of the biofilrns by 
electron microscopy elucidates the defect to be in the extracellular matnx form~ng 
ability of the mutant These phenotypes are also found to be reversed in the 
complemented strain, indicating novel possibilities for physiological roles of o 
Appendix 1 explalns examination of interaction between M smegmatis grown 
under different nutntional status with munne macrophages The expenments 
explained are able to demonstrate that carbon starved M smegmatzs associate with 
macrophages to a lesser degree Further investigations with hrelA/spoT strain of 
M smegmatzs suggest that this phenomenon is independent of the stringent 
response 
